The urgency of moving towards optimization of existing energy distribution via Smart Grid (SG) is crucial due to promising opportunities such as energy efficiency, reduced carbon emissions, and improved power reliability. This paper focuses on wireless communication network for smart meter linking Information and Communication Technologies (ICT) to Smart Grid (SG). This paper also gives evidence that before smart meter is deployed, its communication infrastructure has to be precise to ensure proper operation, functionality and safety. This paper also provides an overview of how smart meter can contribute the penetration of Plug-In Hybrid Electrical Vehicle (PHEV) to the grid and its uncertain load.
Diminutive accumulation of premeditated asset management Asset manager will be able to determine the health and performance of specific assets as a function of system conditions through extensive communications infrastructure and computational capability.
Smart Grid Challenges
To implement the SG, the challenges lie in every step. We have mentioned earlier about SG components. Now the challenges lie in dealing with the complexity of integrating the components and development of an understanding of the interdependencies between components of the SG. Besides, SG is a combination of high complex electricity network and ICT network. Therefore, design and upgrade of SG system concerning present dependable network with high security is also a major challenge. Moreover, SG challenge is to have the measurement of its performance as well as to find a solution of how SG would recover from failures. Besides these, regulatory and investment challenges are also significant. Fig. 1 illustrates the overview of SG architecture. Fig. 1 depicts the challenges of complexity at every level of its complete integration. Fig.1 Challenges of Smart Grid design and development [3] 1108
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To minimize the SG design complexity, researchers usually choose bottom-up SG design process [4] . Under the bottom-up design process, smart metering and grid engineering appear at the first glimpse. AMI -today more commonly known as Smart Metering-is facilitated consumption measurement in intervals (typically 15 minutes to an hour for electricity). Many utilities such as Texas Instruments have begun Smart Metering initiatives with metering departments in the lead role. Smart Meter Texas Instruments facilitates the customers to monitor customer usage, manage costs and grow the awareness of waste and carbon footprint [5] .
In this paper, we study on smart meter that can be implemented in the electricity grid to make it part of tomorrow's SG. Then, a review has been conducted on the available communication technologies to identify the efficient smart meter two-way communication for the integration of Plug-in Hybrid Electric Vehicle (PHEV), and small scale renewables for Home Area Network (HAN).
In section 2, smart meter and its communication are described. Section 3 presents the penetration of smart meter including incorporation of net metering and dynamic pricing. Two-way communication technologies for implementing smart meter at different levels of the network hierarchies are discussed in Section 4. Finally, conclusion is presented in Section 5.
Advance Metering Infrastructure (AMI):
AMI technology is developed to read meter data without physical access or visual inspection by wireless communication network (such as Radio Frequency (RF), Zigbee) or wired (such as PLC). This technology rolls out the movement of the mechanical dials into a digital signal and transformation of utility for billing purposes.
Meter manufacturers have developed many communication architectures for remote meter reading, broadly classified as walk-through, drive-through or networked systems. Under the drive-through system, the utility company sends out a van with an on-board wireless data collector. The van drives through the neighborhood efficiently collecting meter data.
In a networked system, both single stage and hybrid communication are widely used. In single stage system, communication is established between meter and central station through GSM Modem. In the hybrid communication, the meter data is collected by Zigbee module and sent it to central server through GSM technology [6] . Besides this, wireless mesh communication is also largely proposed for Advanced Metering Infrastructure (AMR) network architecture. The network is configured as either Root Access Points (RAP) or Mesh Access Point (MAP). RAP is usually connected directly to the wired network and act as a gateway for clusters of multiple MAPs. Each MAP provides a large coverage area in the 2.4-GHz band for IEEE 802.11b/g Wi-Fi clients and connects to its neighboring MAPs or RAPs primarily through wireless links [7] . Fig. 2 describes smart meter implemented with wireless mesh technology in an urban area.
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Fig. 2 Wireless-mesh technology integrated with smart meter
Smart Meter Connects to the Smart Grid:
Smart meter enables the consumers how exactly they are using the energy so that they can make informed decisions that help them reduce the electricity bill. It provides two-way communication between consumer and the grid which allows fast interruption identification. Many of the cases, grid can resolve different services without physical visit at home or business premises. On the other hand, the consumer is facilitated to view their energy usage and cost through online application.
Smart meter is the cornerstone of SG that replaces the electricity system to be modernized. For the blessings of smart meter, the electricity system will be more efficient and smarter. The first benefit of the smart meter is that it introduces the customers the concern about their energy usages and monthly billing costs. Smart meter is the gateway to increased energy efficiency and integrated renewable energy sources, while supporting a new generation of intelligent appliances and plug-in electric vehicles that will benefit customers. Fig. 3 illustrates how smart meter contributes with the different modules of SG. As it is shown in the figure that smart meter is able to communicate with a home router to send data through home area network service to a server. The users are able to access this server by sending request to get the current usage power. Moreover, real time pricing and time-of-use price are another crucial concerns under smart meter and demand management scheme to create a financial incentive for electricity consumers to shift portions of their energy consumption from peak times to off-peak times. This will assist utilities reduce electricity production cost. Besides smart meter, alternative energy sources such as small scale wind and solar energy sources can be connected as a net metering service. Customers who install small solar, wind, biogas, and fuel cell generation facilities (e.g. 1 MW or less) to serve all or a portion of onsite electricity needs are eligible for the net metering program. Net metering is a special metering and billing agreement between utilities and their customers, which facilitates the connection of small, renewable energygenerating systems to the power grid. These programs encourage small-scale renewable energy systems, ensure that customers always have a reliable source of energy from the grid during times when their renewable generators are not producing energy, and provide substantial benefits to the electric power-generating system, the economy, and the environment. Under this scheme, introduction of the feed-in tariff (FiT) in Malaysia began as early as 2004, and in 2011, the years of effort finally culminated in the passing of some regulations related to sustainable energy. The result is the dawn of a new era for Malaysia in a move towards achieving energy autonomy and mitigating climate change. By the end of 2011, Malaysians with landed homes can start to generate electricity using their rooftops -and get paid for it from Tenaga Nasional Berhad (TNB). This push, possibly creating thousands of "independent power producers" along the way, is a likely outcome with the implementation of the FiT system. These initiatives will pave the way for Malaysia to cut down carbon intensity by 40% (from 2005 levels) by 2020 [9] . Fig. 4 and PHEV is mainly a contribution to lessen the demand of crude oil and shifting the transportation sector to electricity. However, PHEVs require additional, expensive components. Very large, heavy, and costly batteries are required to provide vehicle range. Also, most efficient battery equipped in PHEV can run maximum range of 60 miles [11] . Besides these, penetration of PHEV into the residential distribution network also poses potential challenges to electric utility as it has an impact of charging PHEVs on a distribution level. Due to charging of PHEV, a new load is created that sometimes surpass the distribution transformer capacity. To find the solution of integration PHEV residential application is also a significant challenge in SG technology [12] . Moreover, power electronics materials are needed to be made smaller, simpler and less expensive.
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Benefits of PHEV One of the main objectives of implementing PHEV is to provide cheaper fuel price to the customer. The PHEV automatic charger can switch from gasoline to electric when the gasoline is more valuable to the grid than it is to the vehicle or vice-versa. Also, during the off-peak hour, the battery should be charged in to the grid when the bill payment is lesser than the cost of gasoline.
As it was mentioned earlier that penetration of large number of PHEV will raise sudden demand of power. Statistics state that in Southern California, about 1 million new cars are sold each year. If 10% of these were "Smart PHEVs" some 100,000 would be added each year. After 5 years, there could be up to 500,000 PHEVs available to the grid. If these were 2 kW connections, using existing 110 Volt circuits, the grid operator would have up to 1,000 megawatts of capacity available; if they were 8 kW connections using 220 Volts, the grid operator would have up to 4,000 megawatts of capacity available [13] .
Appending wind-solar hybrid generation
The large demand of power electricity could be fulfilled by integrating wind-solar hybrid system with the utility. Wind and solar resources are really intermittent. We just cannot fully depend on it. So, the utility needs to know the forecast wind flow or sunny day time to schedule this huge demand. With the thousands of PHEVs connected to the grid for charging, the grid operator should know exactly how many PHEV are plugged in and available for dispatch. On the basis of these calculations, the operator could come up with a decision whether to meet the instant demand from renewable sources.
Therefore, the grid requires control system for information on individually plugged PHEV. The SCADA, smart meter or energy management system can track the real time information of individual PHEV, grid and renewable generation etc. PHEV charging system can communicate using cellular and wireless networks, GPS or Geographical Information System (GIS) so it can report its state of charge and receive information on whether to charge or discharge. An efficient accounting system is also crucial for dynamic pricing. For instance, the accounting system should have comparison price information whether it would be cost effective to charge PHEV from grid or run by gasoline.
